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ABLATIVE METHOD FOR FORMING
RF CERAMIC BLOCK FILTERS

" BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

_ This invention relates géncrally to electrical filters and relates particularly to
filter apparatus and a method of forming so-called ceramic filters and duplexers.
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2. DESCRIPTION OF RELATED ART INCLUDING INFORMATION
DISCLOSED UNDER 37 CFR 1.97 AND 1.98

RF ceramic filters are well known m the art. They are constructed of blocks of
ceramic material that are typically coupled to other electronic circuitry through
discrete wires, cables, and pins coupled to conductive connection points on external
surfaces of the blocks. They are also used to construct duplexers and other electronic

5 = components. ' ' :

Ceramic block filters are used in wireless communication products. Three major
process steps in the manufacture of these filters are: (1) the capacitive element patfern
generation, (2) /O pad generation, and (3) tuning the filter to the propef operating
frequency. The function of the capacitive element pattern on the filter is to

~ -.--10 __"approximate the RF response required by the customer. The function of the /O pad
generatidn operation is to provide the‘ interface from the filter to the wireless

- communication product. The function of the tuning operation is to finally adjust this
approximated RF response to meet the exact customer requirements for the desired
response. '

15 lntheprioran,acamnicblodcissinteredandtlm:ﬁlvametallicpasteisplaced
on all sides of the block EXCEPT for those sides that require a defined electrical
circuit such as a capacitive element pattern or input/output (1/0) pads. On those sides,
the silver metallic paste is applied to the ceramic block in the form and shape of the
desired pattern and the /O pads (through a well-known screen print procesé

20 technology or abrasion technology). A heating process causes the metallic paste to
solidify with the pattern(s) and/or I/O pads generally in tpeir proper location.

However, this screen print process does not have the dimensional accuracy
desired in the plating of the capacitive element filter pattern and other filter elements.
The capacitive element filter pattern dimensional accuracy on the ceramic block filters
25 is required to be four times (4x) as accurate at 1.8 GHz as at 900 MHz.
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Thus, in order to complete the product, the capacitive element filter pattern must
be further tuned to meet exact customer specifications. This can be accomplished by
adding excess metallic paste adjacent circuit pattern features and then using some
method to sinter the metallic paste, forming an integral addition to the pattern or pads
or, in some cases, material can be removed for tuning. By applying a signal to the
input and monitoring'the output signal during this process, the operator can terminate
the addition of material to the pads or terminals when the output signal indicates that
proper tuning has been achieved. |

Thus, in U.S. Patent 5,198,788 fine tuning of ceramic filter metallic terminals o
pads s disclosed. In this patent, the ceramic block is costed on all sides but one (and
perhaps a portion of an adjacent side) and on the uncoated side (and portion), silver
metallic paste is formed in the general shape of the desiréd electronic terminals,
pattern, or pads. The silver metallic paste is heat-treated to form a rigid coating.
Additional silver metallic paste is then placed adjacent and electrically contacting the
formed terminals o pads and, while an input signal is being monitored on the output -
terminal, a laser éamisuéedtoscanthesilvermctallicpastetosinteritand&ma’
solid addition toithe terminal or pad until the proper electrical characteristics of the
device is obtained. Thus, this patent relates to the addition of metal to the already
generally formed terminals, pattern, or pads to tune the circuit. .

In U.S. Patent 5,769,988 there is disclosed a method of manufacturing a ceramic
electronic component having a dielectric ceramic and a conductor thereon containing
silver as the main component. By heat-trcating the device, such as a dielectric
resonator formed with that process, the *Q" value of the resonator i increased. In the
process of heat-treating the device, it is disclosed that the device is subjected to a heat
treatment at 400°C. or more in an atmosphere containing 10% or less by volume of
.oxygen. Further, Kagata, et al (‘988) disclose "forming the conductive paste..ina
ﬁattem of electrodes” on the sintered dielectric ceramic substrate.
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U.S. Patent 5,162,760 also relates to electrical filters formed of ceramic blocks
using abrasive or milling methods to remove metallization or use various screen-
printing techniques to apply conductive materials onto the various surfaces of the
ceramic blocks. In the ‘760 patent, a layer of conductive material is deposited on the |
surface of the block and after the layer is successfully cured, portions of the conductive
layer are removed by any suitable milling machine such that the desired conductive
pattern is left on the surface. Both the conductive material coating the block and the
dielectric material are removed from the block in the areas that are milled. This device
is limited in accuracy or precision by the electrode dimension that can be formed with
a milling machine. _ '

In U.S. Patent 5,379,011 there is described a ceramic band-pass filter with

- ~—improved-input/output isolation-and having conductive material removed from the

metallization of the block and the VO pads are deposited in those areas where the
conductive metal had been removed. Again, in this patent, all six sides of the ceramic
block are metallized with the exception of the top or upper surface and a portion of
the side surface. Slots are formed, between the deposited input/output pads and
adjacent metal in the ceramic material and thus, when not plated, varies the dielectric
~ between the input/output pads. '

It would be desirable to have such a filter with godd isolation between
conductive areas and having greater dimensional accuracy of the filter pattern and /O
pads than the present art can provide.
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SUMMARY OF THE INVENTION

In the present process, the ceramic block is formed in the usual manner. It has
at least one planar surface. Then, instead of coating only those sides where the pattern
or I/O pads are not to be formed, the ENTIRE ceramic block is coated with a
conductive metallic material. One example of such metallic coating is a paste well
known in the prior art and containing an electrically conductive metal (such as silver,

for example only) and is then subjected to the necessary heat treatment to solidify the

metal. Other examples of conductive coatings include plating the ceramic blocks with
a conductive metal and the like. . .

An ablative method, such as the use of a scanning laser beam, is used to remove
unwanted metallic material from at least one planar surface to form the desired
capacitive element filter patterns. This differs from the sbrasive method of the prior
art or the screen printing of the prior art. The laser beam ablates both the metallization
and a portion of the ceramic block to form trenches that surround metallic filter
components and create the pattern in the desired shape. The depth and width of the .
trenches determine coupling capacitance of the filter and thus determine its operating
frequency. The precision and repeatability of forming the trenches with the lasing
process allows greater accuracy and repeatability of the capacitive element filter
pattern and the other filter components. The more precise patterns allow for higher
tune rates, higher factory yields, and more design margin for the product designers.

However, a well-known problem occurs as 2 result of the ablation process.

~ During the lasing process, the ceramic material is adversely affected and the "Q" of the

ceramic material is reduced to a point where the filter has no commercial value.
Therefore a post-lasing, high-temperature heating process is required to restore the
ceramic "Q" back to its approximate original value.

Since, during the ablation process, the capacitive element patterns and other
filter components are being formed, a signal cannot be connected to the input pad for



10

15

20

25

PCT/US00/16138

WO 00/77883

monitoring at the output pad to see if the capacitive elﬁment patterns and the other
filter components being formed are of the correct dimensions. After the filters have
been formed, such signals cannot be applied and measured to the product speciﬁcatioh
because the ceramic block has such a reduced "Q" that they are only a generalized
representation of the signals that would be found in a finished product. Therefore, for
a given product specification, a trial-and-error ablation process is used by continuing
to make metallized blocks with different dimension conductive patterns until signals
representing the proper RF response range have been established to form a "reference”
ceramic block. Since the lasing process is extremely precise and repeatable, great
numbers of the reference device can then be produced and then a high temperature
heating process is used to provide the proper RF response once the appropriate

 patterns have been generated.

Thus, it is an object of the preseht invention to provide a method of forming
electrically conductive metallization patterns on a ceramic block that are electrically.
isolated from each other by a pattern of dielectric material. _

It is still further an object of the present inventign to provide a ceramic block
that has its entire surface coated with a conductive materfal and o use a scanning laser
beam to ablatively etch unwanted metallic material and corresponding ceramic material
from the ceramic block and create trenches that form af least a portion of the pattern
of dielectric material that establishes the desired metallization pattern.

It is also an object of tﬁe present invention to ablatively etch unwanted metallic
material in such a way that a portion of the ceramic block is also removed sufficient
to form trenches that electrically isolate adjacent metalli¢ areas formed by the ablative
etching. | .

It is another object of the present invention to ablatively etch unwanted metallic
material from a designated surface area of the ceran;ic block to form trenches of
dielectric material that create a desired metallization pattern, including input and
output terminals. '
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It is still another object of the present invention to apply test signals to the input
terminal of a post-lased, pre-heated ceramic filter and to monitor the output signal to
determine by trial and error when a fiter having the desired electrical characteristics
is obtained.

It is yet another object of the present invention to heﬁt the ablatively-etched
ceramic block in an ambient atmosphere to restore the "Q" of the ceramic material.

Thus, the ﬁresent invention relates to a method of forming ceramic block
metallization patterns comprising the steps of encasing the entire surface of a ceramic
block, including at least one planar surface, with a conductive metal, such as a metallic
paste, for example only, solidifying the conductive metallic paste into a metallic
material, and ablatively etching unwanted metallic material from a designated surface

15

20

25

output terminals if desxred ‘ '

The invention also relates to a method of forming RF ceramic block filters
comprising the sfeps of encasing the entire external surface area of a ceramic block
with a conductiye metallic material, using a pattern of dielectric material to electﬁdally
isolate and formj electrically conductive circuit elements on the encased ceramic block,
ablatively etchmg unwanted metallic material and a portion of the ceramic block from
a designated surface area of the encased ceramic block to form at least one trench that
forms at least a portion of the pattern of dielectric material and heating the ablatively-
etched ceramic block to increase the "Q" thereof. |

The invention also relates to trench filters and duplexers in which each
conductive elelment formed in a ceramic block whose entire surface is encased in a
conductive material, each of the conductive elements being at least partially
surrounded by a trench or recessed area extending through the conductive material and
into the ceramic block, the recessed area having a predetermined depth and width to
affect the coupling capacitance of the filter or duplexer and thus control an operating

characteristic of said filter or duplexer.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the present invention will be more fully disclosed
when takefx in conjunction with the following Detailed Descﬁption of the Preferred
Embodiment(s) in which like numerals represent like elements and in which: -

FIG. 1 is a perspective view of a prior art ceramic band-pass filter adapted
for tuning by adding material thereto, _

FIG. 2 is a perspective view of a ceramic block of the present invention
entirely encased with an electrically-conductive material sﬁch as a metallic paste;

FIG. 3 is a top view of a duplexer formed by the method of the present

" invention;

pads or terminals formed thereon and the trenches formed around the conductive filter
elements; - S co

FIG. 5 is a flow diagram illustrating the novel steps of the present
invention; -

FIG. 6 is a graph illustrating the frequency respohse ofa plurality of prior
art filters shown in FIG. 1;

FIG. 7 is a graph illustrating the frequency response of a plurality of filters
formed by the present inventive process after lasing but before high temperature heat
processing; and

. FIG. 8 is a graph illustrating the frequency response of a plurality of filters
formed by the present inventive process after firing to restore the "Q" )of the ceramic.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

FIG. 1is a perspective view of a prior art ceramic band-pass filter: Filter 10 is
formed of a ceramic block with some surfaces having a conductive mgial plate thereon
and includes a top face 12, a bottom face 14, side faces 16 and 18, and end faces 20
and 22. Filter 10 further comprises parallel cylindrical bores 24 and 26 that openly

extend between top face 12 and bottom face 14. Regions of the ceramic block

surfaces, such as top surface or face 12, are screen-printed, in 8 well-known manner,
with conductive metal material such as a silver paste to form metallic elements of the
filter leaving the bare ceramic surface material of the ceramic block between the filter
elements. The printed elements 36 and 38 rise above the top face of planar surface 12
Ofthe ceramic ok and include aninput pad 28 and an cutput pad 30 that may wrap
around between top face 12 and side face 16. The wraparound configuration is
particularly adapted for surface-mount connections when a filter is subsequently
incorporated into an electronic package. The side faces 16 and 18, bottom face-14;
and end faces 20 and 22 are covered with a continuous metal plate that forms a ground
element 32. At face 16, ground plate 32 is separated from input pad 28 and output
pad 30 by bare ceramic regions 34 and 35 to prevent electrical short-circuiting. These -
bare ceramic regions 34 and 35 are created when the 1/O pads are screen-printed on
the ceramic substrates. Through-holes 26 and 28 are coated with conductive metal
that extends onto the top face 12 to include the resonator pads 36 and 38 that are
surrounded by bare ceramic surface. In accordance with the prior art, pads 36 and 38
include notches 40 and 42 for tuning the filter.

The prior art filter as shown in FIG. 1 has a thick film of metallic paste applied
to the major surfaces, except for faces 12 and 16 and also to through-holes or cavities
24 and 26 by spraying, screen-printing, or other well-known process. The film of
conductive paste is screen-printed in the desired pattern onto top surface 12 and side
surface 16. The filter can be tuned as described more fully in U.S. Patent 5,198,788.
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Thus, in the prior art, a ceramic block is sintered and then silver metallic paste
is placed on all sides of the block except for those sides that require a defined
capacitive element pattern or input/output (I/O) pads. On those sides, the silver
metallic paste is applied to the ceramic block in the form and shape of the desired
pattern and pads (through a well-known screen-print process technology) thus forming
conductive surfaces that are above the planar surface 12 of the ceramic block. - A
heating process causes the metallic paste to solidify with the patterns and/or /O pads
generally in their proper locations. However, this screen-print process does not have
the dimensional accuracy desired in the plating of the capacitive element filter pattern.
The capacitive element filter pattern dimensional accuracy on the ceramic Block filters
is required to be four times greater (4x) at 1.8 GHz as required at 900 MHz The

-—dimensional acuracy ‘of the screen=printing’ procesy is capable of produang acceptable
900 MHz ﬁlters However, above 900 MHz, the frequency response continually
degrades thereby producing smaller and smaller numbers or quantities of filters having
an acceptable frequency response. Therefore, in order to complete the product, the
capacitive element filter pattern must be further.funed to meet. exact custo;ner

specifications. This can be accomplished by adding excess metallic paste to adjacent

. pattern features (e.g. slots 40 and 42 in FIG. 1) and then using some method to sinter
the metallic paste, thus forming an integral addition :of metal to the pattern or pads.
By applying a signal to the input terminal and monitoring the output signal at the
output terminal, the operator can cease the addition of material to the pads or
terminals when the output signal indicates that proper tuning has been achieved. See
U.S. Pat. No. 5,198,788 incorporated herein by refqence.

FIG. 2 illustrates a perspective view of a ceramic block of the present invention
entirely encased with a conductive metal. The conductive metal may be plated thereon
or may be formed with an electrically-conductive metallic paste that has been heated
to solidify it. The biock 40 has an internal ceramic portion 39 entirely encased, on all

~ of its outside surfaces, including capacitive adjusting through-holes 43 and 45, with
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the conductive metal. Only two through-holes are shown but, obviously, more can be
included as shown in FIG. 3. Thus, instead of coating all sides except for the sides
where the pattern or I/O pads are to bé formed, the entire ceramic block is encased
with a conductive metal such as, for example only, an electrically-conductive metallic
paste (well known in the art) that is subjected to the heat treatment to solidify the
metal. | |

A duplexer 42 using filters formed with the process of the present invention is
illustrated in FIG. 3. It cqmprises a transmitter portion 44 and a receiver portion 46.
It includes an I/O pad 48 for the transmitter (not showh), an antenna pad 50 for
coupling signals to and from the'transmitter portion 44 and the receiver portion_ 46,
and an VO pad 52 for connecting signals to the receiver (ot shown). The transmitter

portion 44 of the diplexer 42 includes resonators and associated uraut elements 53,
54, 55, 56, and 58 while the receiver portion 46 uses resonators and associated
elements 60, 62, 64, 66, and 68. - FIG. 3, before the circuit clements are formed

---thereon, looks like the block in FIG. 2 and the upper surface 41 has metal _gnd

corresponding ic ablatively removed therefrom to provide a pattern of dielectric
materialtlmtchﬂu and electrically isolates, the circuit elements 53, 54, 55, 56, 58, 60,
62, 64, 66, and 68. It should be noted that the term "electrically isolates" as used
herein means "no direct electrical connection”. That is, there no longer is electrical
continuity or connection between "isolated” conductive elements. There may. be,
however, electrical “"coupling” between adjacent elements by means of
electromechanical coupling (a piezoelectric effect) or alternating current (AC) coupling
as through a ca‘padtive effect. Note that in areas 70, 72, 74, and 78 that the metal and
a corresponding portion of the ceramic material have been removed by an ablative
process. This ablative process, preferably performed with a scanning laser beam,
removes not 6nly the conductive metal but also a corresponding portion of the

dielectric block to form "trenches"” or recessed areas 70, 72, 74, 76, and 78. These

trenches have a depth and a width in any given portion of the filter pattern that affects

PCT/US00/16138
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the coupling capacitance between adjacent metallic surfaces in a well-known manner
and thereby affects electrical characteristics of the filters such as frequency of
operation and impedance. of course, if desired, some of the conductive elements
could be formed by the prior art method of screen-printing and the outer edges thereof
trimmed by a laser beam according to the present invention, to accurately control the |
conductive elements. The remainder of the patterns of dielectric material could be
formed by the present novel process. ‘In such cases, however, the trench forms at least
10%, and preferably in the range of about 70% to about 90%, of the pattern of
dielectric material electrically isolating the electrical circuit pattern elements.

Thus, for the duplexer 42 shown in FIG. 3, it is formed from a block of dielectric
material having muitiple surfaces including at least one planar surface such as the block
illustrated in FIG. 2. It also has a layer of metallic material coating all sides of the
multiple surfaces of the block of dielectric material also as shown nFIG.2. A ground
plane 80 is formed by at least some of the metallic surfaces as illustrated in FIG. 3 by
conductive material 82. A receiver filter 46 is formed in a first area of at least one-
planar surface of the block of dielectric and includes a first phurality of conductive
elements 60, 62, 64, 66, and 68. A trench or recessed area 74, 76, and 78 surrounds
each of the conductive elements to electrically isolate them and is recessed to a
predetermined depth and has a predetermined width to cause a capacitive coupling
between the conductive elements and the ground plane that determines an operating
characteristic of the receiver filter such as the operating frequency.

In like manner, the transmitter filter 44 is formed on a second different area of
the at least one planar surface of the dielectric block shown in FIG. 2 and includes a
second plurality of conductive elements 53, 54, 55, 56, and 58 that has the trenches
70, 72, and 74 that surround each of the plurality of conductive elements forming the
transmitter portion 44, Again, these trenches are ablatively removed and extend
through the conductive metallic material and into the dielectric material. Thus, a
second capacitive coupling is formed between the condug'tive elements of the
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transmitter 44 and the ground plane that, again, provides a capacitive coupling that is
determined by the depth and width of the tre;nches or recessed areas and determine the
operating frequency of the transmitter filter. First and second terminals 48 and 52 for
the transmitter and the receiver, respectively, are formed on the top and side of the
coated dielectric block such as shown as in FIG. 1 and in FIGS. 3 and 4. A third
terminal SO receives an antenna connection and is electrically coupled to the receiver
filter and the transmitter filter in a well-known manner. It conveys the RF signals
between the antenna and the RF receiver and the RF transmitter.
"~ One or more through-holes such as 43 and 45, well known in the prior art, are
plated with conductive matter to create resonate circuit elements. '

If it is desired to fine-tune the filter, metal can be ablatively removed from areas

~ such as; for example only, 88, 90,92, and 94 to fine-tune the transmitter. The receiver

46 can be tuned in like manner. In this case, again, the ablative etching will remove
both the metal plate and the ceramic to a desired depth. ’

FIG. 4 is a side view of the duplexer of FIG. 3. All of the clements shown
therein are enlarged and not to any proportion. However, it can be seen in FIG. 4 that
on the side 82 the transmitter terminal 48 extends down the side of the block and an
area of conductive metal 82, shown at 84, is removed from around the terminal 48 thus
exposing the ceramic 86. In like manner, the conductive elements 53, 54, S5, 57, and

58 shown on top of the ceramic have been formed by the creation of the trenches or

- recesses as set forth in the discussion of FIG. 3.

The same construction can be shown in relation to the third terminal 50 and.the

“second terminal 52.

The important matter to consider here is that the block has been entirely coated
with a conductive metal and that the patterns have been formed on the surface by
ablatively etching away unwanted material to a desired depth and width to provide the

~ proper operating characteristics of the filter. It will be noted in FIG. 4 that the

surfaces of the conductive elements are at the same elevation as the surface 41 of FIG.
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2 and FIG. 4. In other words, there is no formation of conductive elements on top of
the ceramic but rather a deletion of metal as well as of the ceramic block by using the
ablative method. This is entirely different from the prior art filter elements formed on
tdp of and above the surface of the dielectric block and the terminals on the side of the
block are formed by screen printing.

As stated earlier, however, a portion of the conductive metallic material may be
formed, as in the prior art, with screen pnnnng and then the remainder of the
conductive metallic circuit patterns may be formed by the ablative etching as
heretofore described. ' |

FIG. S discloses a flow chart illustrating the novel steps of the present invention.
At step (A), the entire surface of the ceramic block is coated with a conductive metal,
preferably a metallic paste. At step (B), the conductive metal is solidified into a
metallic material such as by heating the metallic paste and to cause it to adhere to the
corresponding ceramic block. At step (C), unwanted metallic material and a portion

“of the corresponding ceramic block is ablativety etched away to form the desired -

metallic pattern on the block including /O terminal. Of course, I/O terminals could
be added on the side by some other method, such as screen printing as explained
earlier and could then be electrically coupled to the 'metallic patterns that are formed
on the top surface by ablatively etching. ‘

At steps (D) and (E), the prototype filter is electrically checked. At step (D), an
input signal is connected to the input terminal and, at step (E), an output signal at the
output terminal is monitored to determine the electrical characteristic of the ablated
ceramic block.

At step (F), steps (A) through (E) are repeated until a ceramic block having
approximate desired electrical characteristics is obtained. At that time, the ceramic
block fiters can be mass-mamufactured and, at step (G), hested in an ambient
atmosphere to increase the "Q" thereof. Of course, an ablated ceramic block could be
heated to restore the "Q" and then, if the proper filter response is found, the ceramic
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~ block filters could be mass-manufactured, heated, and quality control provided to
_ensure filters having the desired characteristics.

FIG. 6 is a graph of the frequency response of a plurality of filters formed with
the prior art process of printing the circuit on the ceramic block surface. Note that the
peak insertion loss is -1.2 dB and the frequency standard deviaﬁon is 2.63 MHz. It
can be seen that on.each endvof the curve that there is a great deal of variation and
response among the filters, thus changing the bandwidth of the devices.

FIG. 7 is a graph of a plurality of filters made with the novel method of the
present invention. Note how closely they all respond ‘all across the graph and
especially across the bandwidth at the top. This graph illustrates the frequency
response of a plurality of the devices after the lasing process to create the filter circuit

_elements but before they have been heated to restore the "Q". Therefore, notice that

the peak insertion loss is 5.4 dB. However the center frequency deviation has been -

“reducedto 8SMHz. ©—  ~ "7

-~ FIG--8-is a graph-of-the same ceramic-filters made with the process of the present - .
invention and shown in FIG. 7 after they have been heated to restore the "Q". Again,
notice how ¢losely they replicate each other and the peak insertion loss has now been
reduced to +1.2 dB and center frequency standard deviation is 0.75 MHz.

Thus,f it can be seen there is a significant improvement in the operation of the
filters made under the process of the present invention.

Thus, there has been disclosed a novel process and apparatus in which process
two major steps are included. The first is that all of the surfaces of the ceramic block
are coverec'i with plated metal and, second, that at least some of the desired filter
circuit patterns are formed by ablatively etching unwanted materials from one or a
portion of a second surface of the plated ceramic block ablating both the metal and
underlymg ceramic.

The first novel step differs from the pnor art in that in the prior art one or more

 surfaces are left uncoated and then the pattems are plated thereon, thus the pattems
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have a top surface that rises above the top surface of the ceramic biock. In the present

application, because the metal surfaces of the patterns formed are coplanar with the

other metal surface that was not removed on the block, tuning simply requires

removing additional metal from the metal circuit pattems. Further, the ablative

5 technique used to remove the metal also removes a portion of the dielectric, thus

creating a trench or recessed area around each of the conductive elements of the filter

circuit pattem to electrically isolate them. The width and depth of these recessed areas
determine the operating parameters of the filter such as the operating frequency.

The second step of ablaﬁvdy etching away unwanted material and dielectric not

10 only to form the metal filter circuit patterns but also to determine the frequency

" response of the filter is novel since, in the prior art, a laser was used only to add metal

——toinethe filtercircuits., — -~ .. .
The corresponding structures, materials, acts, and equivaléms of all means or
step plus function elements in the claims below are intended to include any structure,
15 material, or act for performing the function in combination with other claimed elements
as specifically claimed.
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WHAT IS CLAIMED IS:

1. A method of forming metélliwion patterns on a block of dielectric
material comprising the steps of: ,
forming a dielectric block having a surface area including at least one
planar surface;
encasing the entire surface area of said dielectric block with a conductive
metal, and :
ablatively etching unwanted conductive metal from said at least one planar
--—-- . designated surface area of said dielectric block to form at least some
" desired metallized circuit patterns. '
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2. The method of claim | further comprising the step of forming said

dielectric block of a ceramic.

3.  The method of claim 2 wherein the step of encasing the entire surface area
5 of said dielectric block with a conductive metal further comprises the steps of:
using an electrically conductive metallic paste as said conductive metal;
and _ .
solidifying said conductive metallic paste into a metallic material.

10 4.  The method of claim 1 further comprising the step of heat treating said
conductive metal prior to said ablative etching to cause adherence of said conductive
.____metal to said dielectric block.

5. The method of claim 2 further comprising the step of heating said
15 ablatively etched ceramic dielectric blocks in an ambient atmosphere to increase the
"Q" of said ceramic dielectric block.

6.  The method of claim 1 further compri;iing the step of using a laser beam
to ablatively etch unwanted metal and form said desired metallized circuit pattern as

20 a circuit for receiving RF signals.

7. The method of claim I wherein the step of ablatively etching unwanted
. metallic material also removes a portion of said dielectric block to a depth sufficiently
below said at least one planar surface to form a trench to electrically isolate adjacent
25 metallic areas formed by said ablative etching.
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8. A method of forming RF ceramic block filters comprising the steps of:
(1) coating the entire external surface area of a ceramic dielectric block
with a conductive metal;
(2) causing said conductive metal to adhere to said ceramic block; and
(3) ablatively etching unwanted conductive metal and a corresponding
portion of said ceramic block from a designated surface area of said
coated ceramic block to form desired metallized filter circuit

patterns.
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9. The method of claim 8 further comprising the steps of:

ablatively removing a portion of said ceramic block and corresponding
conductive metal to form a trench having a predetermined depth and
width sufficient to effectively isolate at least some conductive
5 : metallic areas adjacent said filter circuit patterns and to establish a
predetermined capacitive coupling between adjacent metallic areas;

and .
forming input and output terminals on a surface area of said coated
‘ ceramic block for coupling electrical signals to said desired

10 metallized circuit filter patterns.

o 10._The method of claim 9 further comprising the steps of:
(4) coupling an input signal to said input terminal;
(5) monitoring an output signal at said output terminal to determine at
15 o - least one electrical characteristic of said ablated ceramic block filter;
and :
(6) repeating the steps (1) through (S) until at least one desired electrical
characteristic of said filter is obtained.

20 11. The method of claim 10 further comprising the step of: ,
(7) manufacturing predetermined quantities of the ceramic block filters
having the desired electrical characteristic.
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12.  The method of claim 11 further comprising the steps of:
(8) heating each of said manufactured ceramic blocks; and
(9) utilizing an ambient atmosphere during said heating of said ceramic

blocks to increase the "Q" of said ceramic blocks.
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A method of forming an RF filter comprising the steps of:

forming a block of dieléctricl material having muitiple surfaces including
at least one planar surface; '

coating a layer of electrically conductive metallic material on all of the
muitiple surfaces of said block of dielectric material; and

ablatively removing trenches of selected areas of dielectric material and
metallic material from at least a portion of said at least one planar
surface to form an electrical RF filter pattern of conductive metal
providing a predetermined filter &equency' response.
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14. The method of claim 13 further comprising the step of:
forming s;ﬁd trenches in said selected areas with a predetermined depth
below said planar surface of said at least one of said dielectric block
surfaces and with a predetermined width; the depth and width of
5 said trenches establishing the frequency response of said filter.

15. The method of claim 13 further including the step of:
ablatively removing metallic material and corresponding dielectric material
from at least one of said ceramic block surfaces to form a first
10 terminal as an input terminal and a second terminal as an output
- terminal.
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16. A method of fon'ning‘a duplexer circuit for an RF transmit/receive circuit
comprising the steps of' | '
forming a block of dielectric hateﬁd having multiple surfaces including
at least one planar surface; '
" adhering a layer of electrically conductive metallic material on all of the
multiple surfaces of said block of dielectric material; '
ablatively removing a first selected area of metallic material and
corresponding dielectric material from said at least one planar
surface to first 'predetermined depths and widths to form a first
electrical filter circuit pattern of electrically isolated conductive
elements having a first predetermined filter frequency response;
- ablatively removing a second different selected area of metallic material
and comresponding dielectric material from saig‘l“at least one planar
surface to second predetermined depths and widths to form a
second electrical filter circuit pattem of electrically “isolated
conductive elements having a second predetermined filter frequéncy
response; and |
forming a first terminal as an input terminal and a second terminal as an
output terminal, said first and second terminals being formed on at
least one of said block surfaces by removing surrounding metallic
material and corresponding ceramic material sufficient to elecm'éally
isolate said input and said output terminals from the surrounding

electrically conductive material.
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The method of claim 16 further comprising the steps of:

forming a third terminal on at least one of said block surfaces by removing
said metallic material and corresponding dielectric material in an
area surrounding said third terminal sufficient to electrically isolate -
said third terminal from the surrounding conductive metallic
material; |

said third terminal coupling an antenna to said first and second filters; and

electrically coupling said first input terminal and said second output
terminal to respective ones of said first and second filter circuits, .
said third terminal and to said first and second electrical filter circuit
pattern elements forming a duplexer for transmit/receive RF

__communications.
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An RF filter comprising: _

a block of dielectric material having multiple surfaces including at .le_ast
one planar surface; '

a layer of electrically conductive material adhered to all of the multiple
surfaces of said block of dielectric material,

a ground plane formed by at least one of said electrically conductive
surfaces;

an electrical filter ciréuit pattern of multiple conductive elements Being

| formed in said layer of electrically conductive material on at least
said one planar surface; ‘

wherein said circuit pattern comprises:

_a trench at least partially surrounding each of said conductive

elements, said trench comprising recessed areas that extend
through said conductive material and into corresponding
dielectric material, said trenches having a predetermined shape
determining the coupling capacitance between said conductive
elements and said ground plane, said coupling capacitance

determining an operating characteristic of said filter.



S

WO 00/77883 PCT/US00/16138

27
19. The RF filter of claim 18 wherein said predetermined shape of said
trenches comprises predetermined depths and widths of said recessed areas.
20. The REF filter of claim 19 wherein said trenches are formed by ablatively

removing said conductive material and corresponding dielectric material to said

predetermined depths and widths.
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A duplexer for an RF receiver/transmitter unit comprising:

_ a block of dielectric material - aving multiple surfaces including at least

one planaf surface;
a layer of metallic material coating all of the multiple surfaces of said
block of dielectric material, ,
a ground plane formed by at least some of said metallic surfaces;
an RF receiver filter being formed in a first area of said at least one planar
surface, and comprisihg:
first plurality of conductive elements,
a first trench completely surrounding at least some of said
conductive elements to electrically isolate them;
each first trench having a predetermined shape and
comprising recessed areas having a predetermined depth
and width and that extend through said metallic material
and into corresponding dielectric material; and

a first capacitive coupling between said first plurality of conductive

elements and said ground plane that is determined by the depth and
width of said recessed areas;

said first capacitive coupling determining the operating frequency of said
RF receiver filter;

an RF transmitter filter formed in a second different area of said at least
one planar surface, and comprising:

a second plurality of conductive elements;

a second trench completely surrounding at least some of said
second plurality of conductive elements to electrically
isolate them; _

said second trenches having a predetermined shape and

comprising second recessed areas having a second
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predetermined depth and width that extend through said
metallic material and into corresponding dielectric
‘ material; and
a second capacitive coupling between said second plurality of conductive
5 - elements and said ground plane that is determined by the second
' prédetermihed depth and width of said second recessed areas;
said second capacitive coupling determining the operating frequency of
said transmitter filter; ’
first and second terminals formed on at least one surface of said coated
10 | dielectric block for coupling RF signals to respective ones of said
receiver filter and said transmitter filter; and
a third terminal for receiving an antenna connection, said third terminal
being electrically coupled to said receiver filter and said transmitter
filter for conveying RF signals between said antenna and said RF
15 receiver and said RF transmitter.
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22. The RF duplexer of claim 21 wherein said trenchs are formed by ablatively
removing said metallic material and said corresponding dielectric material to said

predetermined depths and widths.
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23. AnREF filter comprising:

a dielectric block having at least one planar surface;

a layer of electrically conductive material disposed on at least a portion of
said dielectric block planar surface;

5 a ground plane formed on at least one other block surface;

a pattern of dielectric material forming electrically conductive circuit
elements on said dielectric block planiar surface by electrically
isolating said electrically conductive circuit elements from each
other and from said ground plane; ’

10 said electrically conductive circuit elements having a first elevation above
said dielectric block planar surface;

at least one ablatively etched trench forming at least a portion of said
pattern of dielectric material that electrically isolates said electrically

: ‘conductive circuit elements,and R T
15 said trench extending into said dielectric material one or more
predetermined depths below said dielectric planar surface to
electrically isolate said electrical circuit pattern elements.
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24.  The filter of claim 23 wherein:
at least 10% of said trench portion is formed by ablatively etching said

pattern of dielectric material to electrically isolate said electrical

circuit pattern elements.
5 .
25. The filter of claim 23 wherein:
said trench portion of said pattern of dielectric material electrically
isolating said electrical circuit pattern elements is preferably in the
range of from about 70% to about 90% thereof,
10

26. The fiter of claim 23 wherein said trenches are formed by ablatively
removing said metallic material and said dielectric material to said first and second
predetermined depths and widths with a laser beam.

15
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